Previously we assessed the medication adherence for oral and topical remedies by a translated Japanese version of the Morisky Medication Adherence Scale-8 (MMAS-8) together with socioeconomic backgrounds in 3096 Japanese dermatological patients, and found the medication adherence, especially to topical drugs, was poor in these patients. In order to elucidate the disease-specific sociomedical factors, we further sub-analyzed the medication adherence in 237 psoriasis patients and compared it with that in other dermatological diseases such as atopic dermatitis, urticaria or tinea. This study was conducted among patients registered in monitoring system and 3096 eligible patients were enrolled. Our web-based questionnaire included the following items such as age, sex, annual income, main health-care institution, experience of effectiveness by oral or topical medication, overall satisfaction with treatment, and MMAS-8 for oral or topical medication. Mean adherence score by MMAS-8 was 5.2 for oral and 4.3 for topical medication. More patients with psoriasis used a university hospital and fewer used a private clinic compared with those with the other skin disease patients. Experience of drug effectiveness by oral medication and overall satisfaction with treatment was lower in psoriasis patients than in other patients. In oral medication, significantly better adherence was observed in those of higher age and with higher annual income. The adherence to medication, especially to topical drugs, was poor in 237 psoriasis patients. We speculated that some severe psoriasis patients were not sufficiently treated systemically and were resistant to topical therapy, leading to poor adherence.
INTRODUCTION
Recent studies have shown that adherence to treatment is an important factor for good therapeutic outcome in various chronic disorders such as hypertension, diabetes and inflammatory bowel disease. [1] [2] [3] Poor adherence often results in treatment failure and relapse of a disease. In dermatology, a patient's non-adherence to therapy is also problematic and has been associated with a poor therapeutic outcome in common skin diseases such as atopic dermatitis and psoriasis. 4, 5 Recently, an eight-item self-reporting scale has been developed by Morisky et al. 6 called the Morisky Medication
Adherence Scale-8 (MMAS-8). Although this scale originally targeted oral medication for hypertensive patients, we recently assessed the medication adherence for oral and topical remedies using a translated Japanese version of MMAS-8 together with socioeconomic backgrounds in 3096 Japanese patients with atopic dermatitis, urticaria, psoriasis or tinea. 7 Because the Cronbach's alpha score was more than 0.7, the Japanese version of MMAS-8 was considered to have a moderate to high level of reliability. The medication adherence, especially to topical drugs, was very poor in these dermatological patients. Poor adherence to topical remedies was variably associated with younger age, female sex, experience of drug effectiveness and dissatisfaction with treatment. In order to elucidate the disease-specific sociomedical factors, we further sub-analyzed the medication adherence in 237 psoriasis patients and compared it with that in other dermatological diseases such as atopic dermatitis, urticaria or tinea.
METHODS

Setting and study population
This study was conducted among patients registered in a monitoring system established by Macromill (Tokyo, Japan), which was described elsewhere. 7 In brief, a total of 3096 eligible 
Translation of MMAS-8
The original MMAS-8 was translated into Japanese according to international guidelines as described elsewhere. 7, 8 In brief, translation of the original questionnaire from English to Japanese was done by two qualified independent linguistic translators. One of the Japanese researchers reviewed the two primary versions and compared them with the original. Translation back to English from Japanese was carried out by another translator and sent to the original author. Inconsistencies were resolved after repeated discussion among the original author, English translator and Japanese investigators, and a final version was generated. According to the MMAS-8 
Statistical analysis
Descriptive statistics were used to describe demographic and disease classification of the patients and their medication adherence scores. Proportions and frequencies for categorical variables were calculated, while means and standard deviations were calculated for continuous variables. The characteristics of the whole sample and of the adherent groups produced by the MMAS-8 score were presented. The v 2 -test for categorical variables or ANOVA for continuous variables was used to evaluate the prevalence of study variables among the three adherent groups. Internal consistency was assessed using Cronbach's alpha. Known group validity was assessed through the association of item and MMAS categories by correlation coefficient and covariance. All analyses were performed using STATA version 9 (StataCorp, College Station, TX, USA). The significance level was set at P < 0.05.
RESULTS
Demographic data
Demographic data of 237 psoriasis patients are summarized in Table 1 . Mean age of the subjects was 51.8 years (range, 19-84) and 74.3% of the participants were male. We also report their marital status, annual income, employment status, educational status, smoking habit and alcohol consumption in Table 1 . A total of 90.3% of subjects visited their hospitals once a half year or more and 61.5% used a private clinic or other local facility as their main health-care institution. As for the experience of drug effectiveness, 69.6% and 82.9% of the subjects had experienced effectiveness of oral and topical medication, respectively, and 21.4% and 15.3% had experienced adverse events from such medication, respectively. In terms of their overall satisfaction with treatment, 43.0% of subjects expressed satisfaction. Among 237 participants, a total of 112 took oral medication and 216 were treated with topical medication. Mean adherence score by MMAS-8 was 5.2 for oral and 4.3 for topical. Reliability score (i.e. Cronbach's alpha) was 0.711 for oral MMAS-8 and 0.694 for topical MMAS-8, which confirmed moderate to high reliability of the Japanese version of the MMAS-8 also in psoriasis patients.
Next, we compared demographic data among patients with four diseases: atopic dermatitis, urticaria, psoriasis and tinea ( Table 2, Table S1 ). With regard to the main health-care institution, more patients with psoriasis used a university hospital and fewer used a private clinic compared with those with atopic dermatitis, urticaria or tinea. Experience of drug effectiveness by oral medication and overall satisfaction with treatment was lower in psoriasis patients than in other disease patients (Table 2) .
Adherence levels by the type of medication Adherence levels were compared by the type of medication (i.e. oral and topical) ( Table 3) . Percentages of high, medium and low adherence were 12.5%, 32.1% and 55.4% for oral medication, and 5.6%, 18.1% and 76.4% for topical medication, respectively. Overall adherence status was thus significantly higher for oral than for topical medication ( Table 3) .
Prevalence of study variables among the high, medium and low adherence levels
As the adherence levels varied depending upon the type of medication, we next analyzed the association between study variable and the level of adherence in subjects with oral medication (n = 112) and with topical medication (n = 216). In oral medication, the variable which significantly influenced the adherence level was age and annual income (Table 4) . Significantly better adherence was observed in those of higher age and with higher annual income (≥6 million yen). In topical medication, there were no variables which significantly affected the adherence level (Table 5) .
DISCUSSION
Low adherence rate has been reported in patients with the chronic dermatological diseases atopic dermatitis, psoriasis, urticaria and tinea, 4,5,9-13 however, few comparative studies have been performed among these diseases. We recently investigated the MMAS-8 in 3096 Japanese dermatological patients with one of the above four diseases, and found apparently lower adherence rates compared with other systemic diseases such as hypertension, diabetes and osteoporosis. 2, 6, 7, 14, 15 In this study, we sub-analyzed the medication adherence in 237 psoriasis patients and compared it with that in other dermatological 16 With regard to main healthcare institutions, more patients with psoriasis used a university hospital and fewer used a private clinic compared with patients with other dermatological diseases ( Table 2 ). The low prevalence of psoriasis in Asian people in general as compared with Caucasians is well recognized, and the prevalence of Japanese psoriasis patients is estimated at approximately 0.1%, 17 which is apparently much lower than that of the other dermatological disorders such as atopic dermatitis, urticaria and tinea. In Japan, however, a nationwide, cross-sectional, hospital-based study showed that the top seven skin diseases were miscellaneous eczema followed, in order, by atopic dermatitis, tinea pedis, urticaria/angioedema, tinea unguium, viral warts and psoriasis; 18 this indicated that more patients with psoriasis tended to visit hospitals compared with those with other dermatological diseases, which is consistent with our result. Although the severity of skin diseases was not investigated in this study, it seems that patients with psoriasis were afflicted more severely and were more resistant to treatment than those with other skin diseases. Actually, experience of effectiveness by oral medication and overall satisfaction with treatment was lower in psoriasis patients than in other disease patients (Table 2) .
There have been studies indicating that the adherence to topical remedies is poorer than that to systemic drugs, 5, 19 which was also confirmed by the present study (Table 3) . Because the adherence to oral and topical drugs was different, we further analyzed the association between study variable and the level of adherence in oral and topical medication. There were no variables which significantly affected the adherence level in topical medication (Table 5) , whereas significantly better adherence was observed in patients of higher age and with higher annual income in oral medication (Table 4) . Although the contents of the latter were not investigated in this study, it is possible that in patients of higher age and annual income, more were treated with potent and expensive drugs such as cyclosporin and etretinate than those of lower age and lower annual income group. It seems that the adherence to potent and expensive drugs is higher than that to mild and inexpensive drugs such as antihistamines and anti-allergic drugs for pruritus. The effectiveness by topical medication was relatively high but the topical adherence and treatment satisfaction were low, indicating that a large number of psoriasis patients have locally refractory lesions which caused low adherence and satisfaction. It is very important to improve the application methods for locally refractory lesions. The combined use of local phototherapy also seems effective to overcome this situation. In addition, we cannot rule out the possibility that some severe psoriasis patients were not sufficiently treated systemically and were resistant to topical therapy, leading to poor adherence. In order to overcome this situation and achieve better adherence to topical treatment, it seems necessary not only to educate severe psoriasis patients on effective topical therapy, but also to provide enough systemic treatment to make the skin lesions smaller and thereby suitable for topical treatment. There were some limitations in the present study. The number of psoriasis patients was relatively small. In addition, the marital status showed that unmarried patients was 70.0%, which seemed high, and the annual income lower than 6 million yen was 61.6%, which seemed relatively high. We cannot rule out the possibility that the population of this study does not precisely reflect the real distribution of psoriasis patients, causing some bias in the result of this study. Furthermore, because of the length of the questionnaire, we did not include items about clinical types of psoriasis, disease severity, and the contents of topical and oral treatments. It seems interesting to compare the MMAS-8 scores in different clinical types and different treatments including biologics.
In conclusion, the adherence to medication, especially to topical drugs, was poor in 237 psoriasis patients. Experience of drug effectiveness and overall satisfaction with treatment was lower in psoriasis patients compared with other skin disease patients. In oral medication, significantly better adherence was observed in those of higher age and higher annual income. Further adherence studies on a large scale will be necessary to elucidate the psoriasis-specific sociomedical factors in more detail.
